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1

IMAGE PROCESSING METHOD AND
APPARATUS USING A TRUNCATED
HISTOGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing
method and more particularly to an image processing
method used for an image reading apparatus which reads out
an image of a negative film, a positive film, a reflection
manuscript, and so forth.

2. Description of the Related Art

Conventionally, there is proposed a negative scanner
which picks up an image on a negative film with a solid-state
image sensing device such as a CCD, etc. and which
image-processes image signals outputted from the CCD to
display them on a monitor TV.

One example of the conventional image processing
method for the negative film is represented by Japanese
Patent Application Laid-Open No. 63-124665. This image
processing method comprises the steps of making a histo-
gram of all the gradation data of the image signals output
from the CCD for respective R, G and B signals, finding a
reference minimum value and a reference maximum value
with a threshold level at “is which is the maximum fre-
quency of the histogram, and image-processing according to
the reference minimum value and the reference maximum
value.

However, in the above-described image processing
method, a histogram is made for all the gradation data of the
image signals, therefore a maximum table value of the
histogram needs to be set at the same as the total number of
the gradation data obtained from one negative film
(5000-10000 data in one negative film), considering the
case when the total number of the gradation data are
concentrated in some gradation range. As a result, there is a
disadvantage in that the circuit size of a counter, etc. should
be large in the conventional image processing method.

And, in the above-mentioned image processing method,
the gradation characteristics of the image signals output
from the CCD are not corrected, so there is a disadvantage
in that the image of soft and hard gradation is displayed as
it is when the gradation characteristic is the soft gradation
(the gradation characteristic that the frequency range is
wide) and the hard gradation (the gradation characteristic
that the frequency range is narrow).

SUMMARY OF THE INVENTION

The present invention has been developed in view of the
above-described circumstances and has as its aim the pro-
vision of an image processing method wherein a circuit,
which calculates a reference minimum value and a reference
maximum value of image signals, is small and the image is
well regenerated with a uniform tone.

To achieve the above-described object, the image pro-
cessing method according to the present invention comprises
the steps of finding the gradation data from image signals of
a picked-up image for one screen, finding a reference
minimum value of the image signals by detecting a point
where a cumulative frequency which is counted from a small
gradation in the histogram reaches a predetermined rate
which is set for the total number of the gradation data,
finding a reference maximum value of the image signals by
detecting a point where a cumulative frequency counted
from a large gradation in the histogram reaches the prede-
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2

termined rate, and image-processing in accordance with the
calculated reference minimum value and reference maxi-
mum value.

The image processing method according to the present
invention also includes the steps of finding the reference
minimum value and reference maximum value of the image
signals in accordance with the image signals of a picked-up
image, calculating a luminance ratio by dividing the refer-
ence maximum value by the reference minimum value, and
correcting at least one of the reference minimum value and
the reference maximum value so as to make the calculated
luminance ratio closer to a predetermined luminance ratio.

According to the present invention, when the reference
maximum value and reference minimum value of the image
signals, which are required for regenerating the color and
tone in a good condition, are calculated, all the gradation
data for one screen are found from the image signals of a
picked-up image, and the histogram is made by counting the
gradation data in each gradation. The histogram is made by
counting the gradation data in each gradation up to a
predetermined frequency which is defined as an upper limit
(for example, 1% of the total number of the gradation data).
As a result, when the histogram is made, a counter which has
a small counter value can be used.

And, the reference minimum value of the image signals is
the gradation in the case when the cumulative frequency
which is counted from a small gradation in the histogram
reaches the predetermined rate which is set for the total
number of the gradation data, and similarly, the reference
maximum value is the gradation in the case when the
cumulative frequency counted from a large gradation of the
histogram reaches a predetermined rate for the total number
of the gradation data. According to the other embodiments
of the present invention, when the reference maximum value
and the reference minimum value of the image signals,
which are required for regenerating the color and the tone in
a good condition, are determined, the luminance ratio is
calculated by dividing the reference maximum value by the
reference minimum value, and at lease one of the reference
minimum value and the reference maximum value is cor-
rected so as to make the calculated luminance ratio closer to
the predetermined luminance ratio, so that the tone of the
image can be uniform. That is, when the gradation charac-
teristic of the image is the soft gradation, the value is
corrected to be closer to the hard gradation, and when the
gradation characteristic of the image is the hard gradation,
the value is corrected to be closer to the soft gradation.

BRIEF DESCRIPTION OF THE DRAWINGS

The exact nature of this invention, as well as other objects
and advantages thereof, will be readily apparent from con-
sideration of the following specification relating to the
accompanying drawings, in which like reference characters
designate the same or similar parts throughout the figures
and wherein:

FIG. 1 is a block diagram showing an embodiment of a
negative scanner wherein an image processing method of the
present invention is used;

FIGS. 2(A), 2(B), 2(C), 2(D), 2(E), and 2(F) are explana-
tory views explaining the gradation of output signals in each
part in FIG. 1;

FIG. 3 is a histogram for each gradation of image signals;

FIGS. 4(A) and 4(B) are explanatory views of the image
signals of which minimum value has been respectively
corrected;

FIG. § is an explanatory view showing the relation
between an input luminance ratio and an output luminance
ratio;
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FIG. 6 is an explanatory view showing the relation
between a dynamic range of an original image and a
regenerated dynamic range; and,

FIG. 7 is an explanatory view showing the characteristic
carve of a film.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Detailed description will hereunder be given of the pre-
ferred embodiment of an image processing method accord-
ing to the present invention with reference to the accompa-
nying drawings.

FIG. 1 is a block diagram illustrating an embodiment of
the negative scanner wherein the image processing method
according to the present invention is used. The negative
scanner comprises a film drive unit 12 which conveys a
photographic film F into a body 10, a light source 14 for
illumination, a taking lens 16, a CCD line sensor 18, a signal
processing circuit 20, an integrating block 22, an encoder 23,
a central processing unit (CPU) 26 and the like.

The film drive unit 12 connected with a spool axis 30 of
a film cartridge 28 comprises a film supplying part which

drives it forward/backward, a film winding part which

winds the photographic film F sent from the film
supplying part, a conveying means which conveys the
photographic film F between a capstan 32 and a pinch
roller 34 which are driven by a motor at a desired speed.
The film supplying part drives the spool axis 30 of the
film cartridge 28 counterclockwise as shown in the
drawing, and sends out the photographic film F from
the film cartridge 28 until the forward end of the film
is wound by the film winding part.

The light source 14 illuminates the developed film F
pulled out from the film cartridge 28 via an infrared cutting
filter 36, and the light, which has transmitted through the
film F, is formed on a light acceptance surface of the CCD
line sensor 18 through the taking lens 16.

In the CCD line sensor 18, many photoelectric elements
are provided in the direction perpendicular to the film
conveying direction, and the image light formed on the light
acceptance surface of the CCD line sensor 18 is charged in
each photoelectric element which is provided with R, G, and
B filters, and is converted into R, G and B signal charge
which carries a quantity of electricity corresponding to the
light strength. The R, G and B electric charge accumulated
in the above-mentioned way is added with a lead gate pulse
of one line period by a CCD drive circuit 38, is transferred
to a shift register, and then is consecutively output as a
voltage signal by a register transfer pulse. The output R, G
and B voltage signals are added to an analog amplifier,
which is not shown in the drawing, being held by a CDS
cramp 40, and a gain is controlled by the analog amplifier.

The R, G and B voltage signals output from the analog
amplifier are converted into R, G and B digital signals by an
A/D converter 42, and then output to the signal processing
circuit 20.

Now, when the CCD line sensor 18 picks up the negative
film, on which the subject having the gradation linearly
increasing, as shown in FIG. 2(A), the R, G and B output
signals output from the CCD line sensor 18 show such a
waveform as shown in FIG. 2(B) because of the character-
istics of the negative film’s gamma.

The signal processing circuit 20 carries out the signal
processing for the input R, G and B signals such as equal-
ization of a black level’s peak and negative-positive
inversion, equalization of a white level’s peak, and a gamma
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4

correction. First, it equalizes peak values (a black level of a
positive image ) of R, G and B signals by respectively
adding appropriate offset values of R, G and B signals to the
input R, G and B signals in an adding circuit 44 shown in
FIG. 1 (refer to FIG. 2(C)). How to calculate the offset
values will be described later.

Next, a negative-positive inversion circuit 46 carries out
the negative-positive inversion by subtracting the offset R, G
and B signals from a predetermined peak value. FIG. 2(D)
shows the R, G and B signals which have been negative-
positive inverted.

Next, a multiplying circuit 48 respectively multiplies the
negative-positive inverted R, G and B signals by the suitable
gain to perform the white balance correction. That is, as
shown in FIG. 2(E), the other peak values (a white level of
a positive image) of the R, G and B signals are equalized.
How to calculate the gain will be described later.

A gamma correction circuit 50 respectively gamma-
corrects the white-balanced R, G and B signals, so that the
medium gradation of the R, G and B signals are equalized
and the R, G and B signals are provided with a predeter-
mined gamma (y=0.45)(refer to FIG. 2(F)). The R, G and B
digital signals output from the gamma correction circuit 50
are converted into R, G and B analog signals within the A/D
converter 52, then output to the encoder 24. In the encoder
24, the R, G and B signals are converted into video signals
of NTSC system and output to a monitor TV 54.

On the other hand, the A/D converter 42 outputs the R, G
and B digital signals for one frame of the photographic film
F to the integrating block 22. The block 22 integrates the R,
G and B digital signals of the predetermined number of
picture elements for respective signals in one screen and
calculates the average value of them, and makes the grada-
tion data of 5000-10000 points per one screen. And, the
block 22 counts a frequency of every gradation (which is a
gradation of 8 bit (255) in this embodiment), and stops
counting when the frequency reaches a threshold level (TH:
1% in this embodiment) which is set for the total number of
the gradation data. That is, the integrating block 22 of this
embodiment does not count the gradation data more than the
threshold level. In this way, the integrating block 22 makes
a simplified histogram 60 shown with a diagonal line in FIG.
3 in which the gradation data are counted up to the threshold
level among all the gradation data 0-255, and outputs it to
the CPU 26. And, the CPU 26 finds the gradation in the case
when a cumulative frequency counted from a small grada-
tion in the histogram 60 reaches the predetermined value
(1% in this embodiment) for the total number of gradation
data as a reference minimum value, and similarly, find the
gradation in the case when a cumulative frequency counted
from a large gradation in the histogram 60 reaches the
predetermined value (1% in this embodiment) for the total
number of gradation data as a reference maximum value.

The CPU 26 calculates offset values for the respective R,
G and B signals in accordance with the reference maximum
value, and outputs the offset values to the adding circuit 44.
And, the CPU 26 calculates the gain amount of the respec-
tive R, G and B signals in accordance with the reference
maximum value and reference minimum value, and outputs
the gain amount to the multiplying circuit 48. Incidentally,
a histogram 61 shown with a two-dot chain in FIG. 3 means
a histogram in the case when all the gradation data are
counted.

Next, it will be explained how to calculate the offset value
with the adding circuit 44 and how to calculate the gain with
the multiplying circuit 48.

The offset values R .., G, x> and B, of the R, G and
B signals can be calculated with the following equations:



6,018,589

R,pe=255-R

ref max

G ope=255-G,

ref max

Boe=255Byof max:
where the reference maximum values for the R, G and B
signals are R, ¢ ..s Gof 1pe a0d B, ;. respectively.

And, the offset values R ..., G px.,» and B, calculated
with the above-mentioned equations are added to the input
R, G and B signals in the adding circuit 44. As a result, the
peak values (the black level of the positive image) of the R,
C and B signals can be equalized by the adding circuit 44 as
shown in FIG. 2(C).

The gainR_,;,, G, and B

following equations:

can be calculated with the

gain

Rgain=25 5/ (Rref max_Rref rm'n)
Ggain=25 5/ (Gref mAlx_Gref min)
Bgain=255/(Bref max_Bref i)}

where the reference minimum values for the R, G and B
signals are R, ; .., G, i, 20d B, .. respectively.

The offset R, G and B signals are respectively multiplied
by gain R, G_,;, and B, calculated with the above-
mentioned equations in the adding circuit 48. As a result, the
peak values (the white level of the positive image) of the R,
G and B signals can be equalized as shown in FIG. 2(E).

As above described, in this embodiment, the reference
minimum values and the reference maximum values for
calculating the offset value and the gain for the respective R,
G and B signals are respectively calculated with the sim-
plified histogram 60 shown in FIG. 3. As a result, the
reference minimum valve and the reference maximum value
of the image signals can be calculated within a circuit having
a smaller capacity than the circuit in the conventional image
processing method which makes the histogram by counting
all the gradation data of image signals.

In the case when a gradient of the line which links the
output of the calculated reference minimum value and that
of the calculated reference maximum value is gentle as
shown with a line 70A in FIG. 4(A), the image gradation is
soft, and in the case when a gradient of the line is steep as
shown with a line 80A in FIG. 4(B), the image gradation is
hard.

Therefore, when the image gradation is soft, the image is
corrected to be harder, and when the image gradation is hard,
the image is corrected to be softer. That is, in the case of G
signal, the CPU detects a reference minimum value G, ...,
and a reference maximum value G, from the histogram
60 of FIG. 3, and calculates a luminance ratio X by dividing
the reference maximum value G, .. by the reference
minimum value G,/ ,.;,- Then, the CPU 26 corrects the
luminance ratio X to be a reference luminance ratio Y, which
is a criterion for predetermined soft and hard gradation. For
example, when the reference minimum value G, ., is
corrected in a state that the reference maximum value G, ,
max ratio is constant so that the luminance ratio X can be
corrected to be the reference luminance ratio Y:

Y=G,ef ma/Gref min “Gref min'=cOrrection reference minimum value

Therefore, G
equation:

' can be calculated with a following

ref min

Gref min'=Cref marl Y
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As a result, in this embodiment, the soft gradation char-
acteristic can be corrected to be the hard gradation, and the
hard gradation characteristic can be corrected to be the soft
gradation.

And, the reference luminance ratio Y can be also calcu-
lated from a graph of FIG. 5. The horizontal axis of the graph
in FIG. § indicates the input luminance ratio X, that is , the
luminance ratio which has been obtained by dividing the
calculated reference maximum value by the calculated ref-
erence minimum value, and the vertical axis indicates the
output luminance ratio, that is, the reference luminance ratio
Y for correcting the reference minimum value G, ;.-

As shown in FIG. 5, in the case that the input luminance
ratio X indicates the value between the predetermined lower
limit value X, and the predetermined upper limit value X,
the output luminance ratio Y is corrected to be closer to the
central value Y, and in the case that the input luminance
ratio X is less than the lower limit value X, the reference
minimum value G,/ ,,,;, is corrected to be the lower limit
value Y, of the reference luminance ratio Y. And, in the case
that the input luminance ratio X is more than the upper limit
value X,, the reference minimum value G, ,,,,, is corrected
to be the upper limit value X, of the reference luminance
ratio Y.

As a result, in this embodiment, the gradient of a line
indicating the soft gradation as shown with a line 70A in
FIG. 4(A) (A) can be steeper by a predetermined value, so
that the image gradation can be corrected to be softer when
displayed. And, the gradient of a line indicating the hard
gradation as shown with a line 80A in FIG. 4(B) can be more
gentle by a predetermined value, so that the image gradation
can be corrected to be softer when displayed.

On the other hand, when R, and B, ., are corrected, they
are calculated with following equations so that the white
balance can be kept in a normal condition:

Rgain'=(G

gain

/G gain ¥R

gain

Bgaiﬂ'=(Ggain'/Ggain)XB

ain

can be corrected in the

"

As a result, R, and B, ;
following way:

Ryin =Ronar= (Graer™ Gonin W CGrar G (R = Roi)
B rin =Brnar=((Grmax=Crmin W (Grmax=Gimin) )X (B ax=Brin)

In this embodiment, the explanation was given of the
embodiment wherein the reference minimum value is
corrected, but the reference maximum value can be cor-
rected instead. And, both of the reference maximum value
and the reference minimum value can be corrected as
explained below.

As shown in FIG. 6, the image gradation varied according
to the dynamic range of the original image, and the gradation
is soft when the dynamic range is large, and the gradation is
hard when the dynamic range is small.

To solve this problem, the input dynamic range (the
luminance ratio; because the antilogarithm range is
corrected) is corrected so that the output gradation can be
improved. In this case, because the luminance ration is
uniform in the antilogarithm range, the correction is carried
out in the following way, so as to make the density range of
the original image more uniform in appearance.

When the current maximum value and minimum value are
T, and T, respectively, the current luminance ratio is R, and
the corrected luminance ratio R,, the corrected maximum
value T,,, and minimum value T,,,,,, can be calculated with
the following equations:
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T, =(Ro/R)*xT,
T goun=(R1/R)'*xT,
These equation can be calculated in the following way:
The current luminance ratio R;=T,/T, @
@

The current luminance ratio R,=T,,,/T s,

When the correction amount of the luminance ratio for the
maximum value is r; and the correction amount for the
minimum value is r,, r; and r, can be calculated with
following equations:

¥ 1=Tto[]/r 1 (©)]
*

When the equations (3) and (4) are substituted for the
equations (1) and (2),

1=To/Tn

R,=R;xrxr, ®)
On the other hand, since the characteristic carve of the film
is represented by t=1077 (refer to FIG. 7), r,=r, when the
correction amount (AD) for the maximum value and mini-
mum value is equalized, so the following equations are
calculated from the equation (5):

R,=R,xr?
R,=R,xr,”
As a result,

r1=(Ro/R)"?=r, (6)
When the equation (6) is substituted for the equations (3)
and (4),

Tto[]/rl=(R2/R1)1/2> therefore, T,,,=(Ry/Ry)'xT;

t0p

THTgonn=(Ri/R2)'?, therefore, T p,=(Ry/R2)"*xT,

According to this method, the image can be processed
without changing the density, and the dynamic range of the
original image is corrected to equalize the gray balance, so
that the reproduced image can have an excellent and uniform
gradation.

In this embodiment, the threshold level in the histogram
60 is set at 1%, but the present invention is not limited to
this. In the case when the gradation characteristic is that the
frequency rapidly increases in the lower and higher
gradations, the threshold level can be set at more than 2%.
And, in this embodiment, the luminance ratio is corrected in
accordance with the simplified histogram 60 (FIG. 3), but
the luminance ratio can be also corrected in accordance with
the histogram 61 (FIG. 3) which is obtained by counting all
the gradation data. Moreover, in this embodiment, the his-
togram 60 is made of the average of the gradation data
calculated in the integrating block 22, but it can be also made
from the R, G and B digital signals stored in all of the picture
elements.

And, in this embodiment, the explanation was given of the
image processing method used for the color negative film,
but it can be also used for the black and white negative film.
And, in this embodiment, the image processing is carried out
by correcting the black and white level in accordance with
the reference minimum value and the reference maximum
value which have been obtained from the simplified histo-
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gram 60 (FIG. 3), but the present invention is not limited to
this. The image processing can be also carried out by
controlling an electric shutter speed of the CCD line sensor
or the light amount of the light source 14 in accordance with
the reference minimum value and the reference maximum
value.

As has been described above, according to the image
processing method of the present invention, the histogram of
the gradation data, which is necessary for calculating the
reference minimum value and reference maximum value of
the image signals, is made by counting the gradation data in
each gradation up to a predetermined frequency which is
defined as an upper limit, so a counter having a small counter
value can be used and the circuit structure can be simplified.
And, when the reference maximum value and the reference
minimum value are determined, the luminance ratio is
calculated by dividing the reference maximum value by the
reference minimum value, and at least one of the reference
minimum value and the reference maximum value is cor-
rected so that the calculated luminance ratio can be closer to
the predetermined reference luminance ratio. As a result,
when the image gradation is soft, the value can be corrected
to be closer to the hard gradation, and when the image
gradation is hard, the value can be corrected to be closer to
the soft gradation, so that the image gradation can be
uniform.

It should be understood, however, that there is no inten-
tion to limit the invention to the specific forms disclosed, but
on the contrary, the invention is to cover all modifications,
alternate constructions and equivalents falling within the
spirit and scope of the invention as expressed in the
appended claims.

What is claimed is:

1. An image processing method for processing a frame,
comprising the steps of:

finding all of gradation data for the frame from image
signals of a picked-up image;

making a truncated histogram by counting the gradation
data in each gradation up to a predetermined frequency
which is defined as an upper limit and ceasing said
counting when said upper limit has been reached;

calculating a reference minimum value of said image
signal by detecting a point where a cumulative fre-
quency counted from a smallest gradation for the
reference minimum value in said truncated histogram
reaches a predetermined rate set for total number of
said gradation data;

calculating a reference maximum value of said image
signal by detecting a point where a cumulative fre-
quency counted from a largest gradation in the refer-
ence maximum value in said histogram reaches said
predetermined rate; and

image-processing according to the calculated reference
minimum value and reference maximum value of the
image signal.

2. The image processing method according to claim 1,
wherein said gradation data is a value which is obtained by
dividing the frame into plural areas and averaging the image
signals of picture elements in each area.

3. The image processing method according to claim 1,
wherein said predetermined frequency for making said his-
togram equals the cumulative frequency of said predeter-
mined rate.

4. The image processing method according to claim 1,
wherein said predetermined rate for total number of said
gradation data is 1%.
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5. An image processing method comprising the steps of:

calculating a reference minimum value and a reference
maximum value of an image signal based on the image
signal of a picked-up image;

dividing said reference maximum value by said reference
minimum value to calculate a luminance ratio; and

correcting at least one of said reference minimum value
and maximum value, thereby making said calculated
luminance ratio closer to a predetermined reference
luminance ratio.
6. The image processing method according to claim 5,
comprising the steps of:

finding all of gradation data for the frame from image

signals of the picked-up image;
making a truncated histogram by counting the gradation
data in each gradation up to a predetermined frequency
which is defined as an upper limit and ceasing said
counting which said upper limit has been reached; and

finding a reference minimum value and a reference maxi-
mum value of said image signals from said truncated
histogram.
7. The image processing method according to claim 5,
wherein the step of correcting includes correcting said
reference minimum value and reference maximum value
respectively by a same value so as to make said calculated
luminance ratio closer to said predetermined reference lumi-
nance ratio.
8. The image processing method according to claim 5,
comprising the steps of:
correcting a hard gradation to be softer by correcting the
minimum value or the maximum value of said image
signals to be a predetermined lower limit value of said
reference luminance ratio when said luminance ratio is
less than a predetermined lower limit value; and,

correcting a soft gradation to be harder by correcting the
minimum value or the maximum value of said image
signals to be a predetermined upper limit value of said
reference luminance ratio when said luminance ratio is
more than a predetermined upper limit value.

9. An image processing method which comprises the steps
of calculating offset values and gain of R, G and B signals
of a picked-up image from a reference minimum value and
a reference maximum value for respective R, G and B
signals, adding the offset values to said R, G and B signals,
and multiplying the offset R, G and B signals by said gain
so as to equalize a black level and a white level, comprising
the steps of:

finding all gradation data for a frame for said respective

R, G and B signals;

making a histogram for said respective R, G and B signals
by counting the gradation data in each gradation up to
a predetermined frequency which is defined as an upper
limit and ceasing said counting when said upper limit
has been reached;

calculating a reference minimum value for said respective
R, G and B signals by detecting a point where a
cumulative frequency which is cumulated from a small-
est gradation for the reference minimum value in
respective histograms for said R, G and B signals
reaches a predetermined rate for total number of said
gradation data; and

calculating a reference maximum value for said R, G and
B signals by detecting a point where a cumulative
frequency which is cumulated from a largest gradation
for the reference maximum value of respective histo-
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grams for said R, G and B signals reaches said prede-
termined rate.

10. The image processing method according to claim 9,
wherein offset values R 5., G .., and B, of said R, G
and B signals are calculated with the following equations
when the reference maximum value for the R, G and B
signals are R, ;..o G,of e a0d B respectively, and a
target maximum value is A:

ref max>

Rope=A-R

ref max

Gome=A-G

ref max

Bogre=A-B

ref max

11. The image processing method according to claim 9,
wherein gain R, G,,;, and B, are calculated with
following equations when reference minimum values for the
R, G and B signals are R, ;¢ ... Gop i a0d B,p s
respectively, the reference maximum values for the R, G and
Bsignalsare R, ;... G and B respectively, and
a target difference is A:

ref max ref max?

Rgain =A/ (Rref mAlx_Rref min)
Ggain=A/ (Grefrmlx_Gref rm'n)
Bgain=A/(Brefm1x_Bref min)'

12. An image processing apparatus for processing a
frame, comprising:

means for finding all of gradation data for the frame from
image signals of a picked-up image;

means for counting the gradation data in each gradation
up to a predetermined frequency which is defined as an
upper limit and for ceasing said counting when said
upper limit has been reached;

means for generating a truncated histogram from counted
gradation data;

means for calculating a reference minimum value of said
image signal by detecting a point where a cumulative
frequency counted from a smallest gradation for the
reference minimum value in said truncated histogram
reaches a predetermined rate set for total number of
said gradation data;

means for calculating a reference maximum value of said
image signal by detecting a point where a cumulative
frequency counted from a largest gradation for the
reference maximum value in said histogram reaches
said predetermined rate; and

an image processor processing the image signal according

to the calculated reference minimum value and refer-
ence maximum value of the image signal.

13. The image processing apparatus according to claim
12, wherein said means for finding includes means for
dividing the frame into plural areas and for averaging the
image signals of picture elements in each area.

14. An image processing apparatus comprising:

means for calculating a reference minimum value and a

reference maximum value of an image signal based on
the image signal of a picked-up image;

means for dividing said reference maximum value by said

reference minimum value to calculate a luminance
ratio; and

means for correcting at least one of said reference mini-

mum value and maximum value, thereby making said
calculated luminance ratio closer to a predetermined
reference luminance ratio.
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15. The image processing apparatus according to claim
14, further comprising:

means for finding all of gradation data for one frame from

image signals of the picked-up image;

means for counting the gradation data in each gradation

up to a predetermined frequency which is defined as an
upper limit and ceasing said counting which said upper
limit has been reached;

means for generating a truncated histogram from counted

gradation data; and

means for finding a reference minimum value and a

reference maximum value of said image signals from
the truncated histogram.

16. The image processing apparatus according to claim
14, wherein said means for correcting includes means for
correcting said reference minimum value and reference
maximum value respectively by a same value so as to make
said calculated luminance ratio closer to said predetermined
reference luminance ratio.

17. The image processing apparatus according to claim
14, further comprising:

means for correcting a hard gradation to be softer by

correcting the minimum value of said image signals to
be a predetermined lower limit value of said reference
luminance ration when said luminance ration is less
than a predetermined lower limit value; and

means for correcting a soft gradation to be harder by
correcting the minimum value or the maximum value
of said image signals to be a predetermined upper limit
value of said reference luminance ratio when said
luminance ratio is more than a predetermined upper
limit value.

18. An image processing apparatus for processing a frame

comprising:

means for calculating offset values and gain of R, G and
B signals of a picked-up image of the frame from a
reference minimum value and a reference maximum
value for respective R, G and B signals;

means for adding the offset values to said R, G and B
signals, and for multiplying the offset R, G and B
signals by said gain so as to equalize a black level and
a white level;

means for finding all gradation data for the frame for said
respective R, G and B signals;

means for counting the gradation data in each gradation
up to a predetermined frequency which is defined as an
upper limit and ceasing said counting when said upper
limit has been reached;

means for generating a histogram for said respective R, G
and B signals from counted gradation data;

means for calculating a reference minimum value for said
respective R, G and B signals by detecting a point
where a cumulative frequency which is cumulated from
a smallest gradation for the reference minimum value
in respective histograms for said R, G and B signals
reaches a predetermined rate for total number of said
gradation data; and

means for calculating a reference maximum value for said
R, G and B signals by detecting a point where a
cumulative frequency which is cumulated from a larg-
est gradation for the reference maximum value of
respective histograms for said R, G and B signals
reaches said predetermined rate.

19. The image processing apparatus according to claim

18, further comprising means for calculating offset values
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R per Goper and B, with following equations when
reference maximum values for the R, G, and B signs are R, _,

maxy G o a0d B, ., TEspectively, and a target difference
is A:

Rofse),‘:A_Rref max

Gopser=A~Gref max

B,p.~A-B

offser

ref max

20. The image processing apparatus according to claim
18, further comprising means for calculating gain R
Ggm.n and B ain
minimum values for the R, G and B signals are R
min and B, ;... respectively, the reference maximum values
for the R, G and B signals are R, ;..o G,of o and B
respectively, and a target difference is A:

gains

with following equations when reference
ref min> Gref

ref max>

Rgain =A/ (Rref mAlx_Rref min)
Ggain=A/ (Grefrmlx_Gref rm'n)
Bgain=A/(Brefm1x_Bref min)'

21. The image processing method according to claim 5,
wherein a corrected reference maximum value T,,, and a
corrected reference minimum value T,,,, are calculated
with following equations when said calculated luminance
ratio is R, said reference luminance ratio is R,, said
reference maximum value is T;, and said predetermined
reference minimum value is T,:

Tto[J:(RZ/ Ry) 1/2><T1
Tatonwn=Ry/. R2)1/2XT2-

22. The image processing method according to claim 14,
wherein said means for correcting calculates a corrected
reference maximum value T, , and a corrected reference
minimum value T, ,, with following equations when said
calculated luminance ratio is R,, said reference luminance
ratio is R,, said predetermined reference maximum value T,

and said reference minimum value is T.:
Tto[J:(RZ/ R,)Y*xT,
Tatonwn=Ry/. R2)1/2XT2-

23. The image processing method according to claim 5,
wherein

said calculated luminance ratio represents a dynamic

gradation range of the picked-up image,

said predetermined reference luminance ratio represents a

desired dynamic gradation range, and

said correcting step equalizes gray balance of the picked-

up image by adjusting said dynamic gradation range of
the picked-up image toward said desired dynamic gra-
dation range.

24. The image processing method according to claim 5,
wherein

said reference minimum value is corrected by dividing

said reference maximum value by said predetermined
reference luminance ratio, and

said reference maximum value is corrected by multiplying

said reference minimum value by said predetermined
reference luminance ratio.

25. The image processing method according to claim 5,
wherein said correcting step equalizes gray balance of the
picked-up image by hardening a relatively soft gradation of
the picked-up image.



6,018,589

13

26. The image processing method according to claim 5,
wherein said correcting step equalizes gray balance of the
picked-up image by softening a relatively hard gradation of
the picked-up image.

27. The image processing apparatus according to claim
14, wherein

said calculated luminance ratio represents a dynamic
gradation range of the picked-up image,

said predetermined reference luminance ratio represents a
desired dynamic gradation range, and

said means for correcting equalizes gray balance of the
picked-up image by adjusting said dynamic gradation
range of the picked-up image toward said desired
dynamic gradation range.
28. The image processing apparatus according to claim
14, wherein

14

said reference minimum value is corrected by dividing
said reference maximum value by said predetermined
reference luminance ratio, and

said reference maximum value is corrected by multiplying
said predetermined reference minimum value by said
predetermined luminance ratio.

29. The image processing apparatus according to claim
14, wherein said means for correcting equalizes gray balance
of the picked-up image by hardening a relatively soft
gradation of the picked-up image.

30. The image processing apparatus according to claim
14, wherein said means for correcting equalizes gray balance
of the picked-up image by softening a relatively hard

15 gradation of the picked-up image.

#* #* #* #* #*



